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DESCRTPTTOTJ 



Scintillator for an X-ray detector wi& a reflector 

The invention concerns a scintillator for an X-ray detector that contains a scintillation 
layer and a reflector. Furfliennore it concerns an X-ray detector with such a scintillator 
5 as well as a method for the spatially resolved detection of X-radiation. 

Flat dynamic X-ray detectors (FDXDs) are increasingly used in the field of medical 
diagnostics as universal detector components which can be employed in different 
application-specific X-iay devices. An important feature of EDXD-like detectora is their 
10 ability to produce low-dose X-ray images and image sequences. EDXD-like detectors of 
flie indirect conversion type comprise a scintillator in which incident X-iadiation is 
converted into photons of visible light which can tiien be detected by an array of 
photosensors disposed below the scintillator. As the sdntillalor emits the Ught 
uniformly into all directions, only a part of flie photons will reach tiie photosensors 
15 direcfly. In order to limit an unwanted lateral spread of photons, the scintillator is 
structured into columns in tiiepatent.US 2003/0015665 Al. Moreover, a loss of Ught 
that is led away fiom the photosensors is avoided by a reflector or reflective layer which 
is arranged above tiie scintillation layer and reflects photons back into the scintillator. In 
tiiis way the ligjit yield and with it flie sensitivity and tiie signal-to-noise ratio of the 
20 detector can be increased. However, fliere are also negative influences of the reflector 
on image sharpness due to the scattering of reflected photons in tiie scintillation layer. 

Many X-ray images contain so-called direct radiation which comes fiom flie X-ray 
source witiiout passing flirough the object to be examined. Ihe direct radiation has a 
25 very high intensity which ftequentiy leads to flie saturation of flie sensor elements of flie 
X-ray detector. 
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FinaUy, the detector is in some cases not only used for taking low-dose X-ray images 
but also hi^-dose images. In M^-dose images, the signal-to-noise ratio is of less 
importance. More important for them is a high spatial solution of the detector, which is, 
however, negatively influenced by a reflector of the kind ejq)lained above. 

Based on this situation it was an oldect of the present invention to provide means for 
broadening the lange of conditions under which an X-ray detector with a scintillator is 

applicable. 

This object is achieved by a scintillator with the features of claim 1, an X-ray detector 
wiftt the features of claim 1 1, and a method wifli the features of claim 12. Preferred 
embodimenis are subject of the dependent claims. 

A scintillator according to the present imrention comprises the following components: 

A scintillation layer for tiie conversion of X-rays into optical photons. Suitable 
materials for fte scintillation layer are known from flie state of &e art and m^ 
comprise, for example, CsItH, CsItNa, YAG. BGO, GSO, LSO, NalrTl, and 
LuAP. 

- Areflectorfhatisarrangedneighbouringtoatleastonesorfeceofthe 

scintillation layer in order to reflect optical photons back into the scintillation 

layer. The reflector may be in direct contact to the scintillation layer or it may be 
separatedfrom-the scintillationJayer, and it typically consists of several 
25 components with difEerent fimctions. 

Furflieim0re, the leflectivify of the reflector is siqrposed to be alterable by 
e«dinfluences.lndna.conte^"reflectLviiy" of an.objectshall as usually be 
defined.as_aie.p^l3ge of a^adiation intamty thatis refiectedby &e.object. A 

ar^flactivity of 0 ?/o, whilaa 
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wavelength of the photons, a more detaUed description is required considering 
the spectral reflectivity. In the foUowing, however, it is assumed for reasons of 
simplicity that the reflectivily is constant for the entire spectrum of the photons 
that are relevant for the scintillator. 

Some control device for the selective alteration of the reflectivity of the 
reflector. Various concrete realizations for such a control device and a reflector 
with variable reflectivity are described below in connection with preferred 
embodiments of the invention. 

The scintillator described above may be used in an X-ray detector and has the advantage 
that a user may control fix>m outside, if and/or how sttongly photons are reflected back 
into the scintillation layer. This allows to adapt the behaviour of the scintillator 
optimally to the reqmrements of the cutrent application. A high reflectivity may be set, 
for example, if a high sensitivity and a good signal-to-noise ratio are desired. In cases 
where high doses of X-iadiation are available, the reflectivity may in contrast be chosen 
lower such that the scintillator emits less photons to an adjacent photo-sensitive 
detector. The sensor elements of the detector will therefore reach their saturation level 
later which increases the dynamic range of the detector. Furthermore, the absence of 
reflected photons will be of benefit for the sharpness of the image. 

In accordance with a preferred embodiment of the scintillator, the reflector and the 



F 









reflector does not need to have the same reflectivity everywhere, but different regions of 
the reflector may show a different reflectivity. In an extreme case the reflectivity may be 
individually set for every point of the reflector (wherein the reflector may be divided 
discretely or continuously into points of alterable reflectivity). With a locally alterable 
reflectivity it is possible to tune the amount of reflected photons individually for 
different regions of an image. Thus in regions of direct X-radiation the illumination 
wifli photons may e.g. be reduced by setting a smalls value of the reflectivity there. On 
the other hand, a high reflectivity jfor photons in regions with a low X-ray dose will 
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locaJJy piovide a sensWvily and a good sigiiaH^-noise ratio. 

to »»=orf.nco another developinem of the sdnttB^ 

device «o adapted to alter the leflectmty gtadndly. This .ne«B that fto «flect.,™ty 

^ a»ua« more tb«. two discrete values between 0 % «ri 100 %. m p^ticular it n>ay 

be posdble fl«t reflectivity can be .TKKiified coi«io»ously 1«^ 

e^ 0 %. a n«. fcr exaniple 100 %. D«. to d» g-*«- ch»^^ 
reflec.ivityc».h.bet.er ^iaptedwithrespecttothe conentapplica.lon.Moreo™^ 

™tol changeMty is p.efcna,ly confined with the V>caay differs 
aescribed above. Itas. ev«y point of the reflector might idedly be set to it. o«n 
reflectivity chosen ftom a conttaoous tangK 

I,_«„a.g the concrete reahzaaon of the reflect 

™,y be Changed h. two or a f^ steps doe to tecta^ reasons. It in .u^ a c^t^ ^ 

^l.ivityn.ybespa«allyaI.eredonave,yflnescale.ho«ever.agrad^ Change 
««reflectivitymaya,leas.beapp.oxin.a.edC^.otoa«s«r^tac^ 

intennediatc value of •rf>«=«v«y in ^l-gerregioncanbepn^^ 
prtlemofdiscontmuouslychangingreflectivities. 

, Accor*.gt„apre.^«aU^-<>'"~-«»-^r,Z^ 
reflective layer of s<M«llod "electronic inr or Mectrontc pap«- (-*«ov,..«^ 

bJ."inthefono™g).I«hermore,thereflectorn>aycon«nn.«le.s,™o^^ 

l^..rangements.hicha.edisposedonoppositesidesof*erefle«h^ 

^vi«„f,hescinml..ianl.y=rmay««»besteeredbyapplyingavo,ta^^ 
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reuecuvity oi me stuiuua**"" '-^ ^ . 

electrode anaBgema.tato«aniee:ctemally ^^^,^^8639 785 



J^.- »J-:^>- ^' — — 
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A control device that contains at least two planar electrode aitangements may also be 
used in combination with an absorbing layer with voltage and/or cuirent dq)endent 
5 absorption properties that is disposed between the two electrode arrangements. la this 
case reflectivity of the reflector as a whole is changed indirectly by altering the 
transmission behaviour of the absorbing layer which in tuin determines the quantity of 
ligjit that reaches (reflective) structures behind the absorbing layer. Preferably one of the 
planar electrode arrangements has a high reflectivity in direction towards the absorbing 
1 0 layer. The transmission properties of the absorbing layer will then determine how much 
of this high reflectivity will effectively be seen from the opposite side of the 
arrangement. 

In the aforementioned embodiment the absorbing layer preferably comprises at least one 
15 electrochromic substance that changes its colour in response to the applied voltage 
and/or to applied cmxents. The absorbing layer may also compri^ suspended particles 
that change their arrangement depending on the applied voltage, wherein different 
arrangements imply different transmission behaviour. 

In accordance with a further development of the embodiinent mentioned above, at least 
one of the electrode arrangements consists of two or more single electrodes to which a 
voltage can individually be applied. EMflferent regions of the electrode arrangement can 
thus have different voltages, resulting in different reflectivities of the corresponding 
regions of the reflector. Thus a locally variable reflectivity can be realized. 

According to another embodiment of the invention, the reflector comprises a container 
that can selectively be filled with substances (preferably fluids, i.e. gases and/or liquids) 
of different reflectivity. The "selective filling" shall by definition conqoise the case fliat 
such substance is completely removed fi-om the container, i.e. the container is ernpty. 
Preferably the substances are separated by a flexible membrane so that they cannot mix 
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during a chaise of flie conteirt of the container. The alteration in the reflectivity can e.g. 
be causedby the use of a bright fluid of high reflectivity together ^ a dadc or 
translucent fluid of small reflectivity. Furthermore, the top fece of the container that hes 

opposite to the face with the scintillation layer may be reflecting; in this case a 
translucent substance in the container would yield a high reflectivity and an dark 

substance a small reflectivity. Alternatively, substances that change their reflectivity 
and/or absorption in response to chemical and/or electKKa.emical mfluences could be 
disposed on the surfece of a container of the kind described above. The reflective 
behaviour could Aen be controlled by the chemicals in the container. 

The invention further concerns an X-ray detector with an array of sensor elements for 

spatially resolved detection of optical photons and with a scintillator ^t is arranged 
(directty or indirectly) adj acent to said array, the scintillator ^^^^^ 

components : a scintiUation layer ^ ^ conversion of X-radiation into optical photons 
andmeansforalteringthedegreetowM<*opticalphotonsthatareproducedinthe^ 

scintillation layer are reflected back into the sdntillad^^ 

surfece of the scintillation layer. 

» ^ohphotoM are^flecedb^ aph,sicaUy »«>»v*.e 

25 improvements of flie X-ray dstecton. 

^c^ruifrwfhs snatiallviesolved dstsction^f X-rays; 
XhejnventiaiLfcrthBrjcQncerns:a mediodlartne spanauy 
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b) The detection of photons tiiat reach a photosensitive detector. 



5 c) The reflection of photons back into the sdntiUation layer that would not reach 

the detector. This inay particularly be photons that would leave the scintillation 
layer on the side opposite to the detector. 



10 



d) adaptation ofthereflectivilymstq)c) according to given criteria like the 

desired sensitivity, the desked spatial resolution and/or the desired djraamic 
tange of the method. 



The method comprises in general form fte steps that can be executed with an X-ray 
detector or a scintillator of the Idnd described above. Therefore, reference is made to the 

15 preceding description for more information on the details, advantages and 
inipToveineiits of the method. 

The invention ferthermore concerns an X-ray detection apparatus, notably a medical 
ray imaging apparatus, e.g. a radiography apparatus, that comprises an X-ray detector 
20 according to claim 1 1 or a scintillator layer according to any of claims 1-10. 

These and other aspects of the invention will be apparent from and elucidated with 
reference to the embodiment(8) described heiemafier. 

25 In the following the invention is described by way of example with flie help of the 
accompanying drawings, in which: 

Fig. 1 shows schematically the design of an X-ray detector with a scintillator according 
to the present invention; 

30 

Fig. 2 shows an alternative realization of a scintillator of variable reflectivity. 
Figure 1 depicts a sectiwi through a flat dynamic X-ray detector (FDXD), the Figure 
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being however only diagrammatic and not drawn to scale. The detector contains in its 
lower part a detector chip 10 can5»risi»g an army of individual photos^^^ 
elements 12 on a substrate 11. The substrate 11 nay contain forther electronic 
conqwnents for the addressing and the readout of the sensor elements 12. 

Above the detector chip 10 is a sdntiUator 20. The scintillator 20 comprises as its most 
important component a scintillation layer 30 in which incident X-rays Xare converted 
into photons V of visible U^. Those photons timt leave the scintillation layer 30 on its 
lower side can be detected by the sensor elements 12. As indicated m the Figure the 
scintillation layer 30 is composed of several scintillation crystals 32 that are separated 
ftom each otiier by interfeces 31. The scintillation layer may for example be produced 
by vapour deposition of Cst Tl in such a way that the material grows in long columns of 
few micrometer in diameterlhat are sepaxatedby air. THe interfeces 31 lypically show 
hi^ieflectivity for photons so ttmt they canprevent the passing ofphotonsflom one. 

scintillation crystal to its neighbour without loss. Thus the spatial spread of tixe photons 
is limited and tiie optical resolution of the device increases. 



a 
a 



The photons V timt are directed to tiie upper side of the scintillation layer 30 would m 

principle be lost for the detection. In order to prevent tins, it is known to dispose a 
20 reflector40(transhacentforX-rays)aboveti.escintiUationlayer30.Thereflec^ 

reflects said optical photons back into ti^e scintillation layer 30 so lhat tiiey will 
probably reach ti.e detector ch^ 10 where they are registeredby the^ensor elements 12. 
m images taken with small doses of X-rays, tiie sensitivity of tiie detector as well as Ihe 
SignaLto-noise ratio can be jnqooved tiiis way. 



25 



A. disadvant^ of tiiei^ector 40 is^owever, timtphotonsv comingfamat are. 
raoeatedlFScatteied andZar.reftectedi»i-thdr wayio aaensflt elem3ntl2- TTieywill- 
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with a high X-iay dose (like regions exposed to direct X-radiation) the amount of light 
reaching the sensor elements 12 may lie above their saturation level. In such regions the 
dynamic range of the detector will therefore be reduced. 



5 Jn order to circumvent tihe problems described above it is proposed to use of a reflector 
40 with variable reflectivity. In case of Figure 1, the reflector 40 comprises for example 
a reflective layer 42 of an electronic ink (E-Ink). The E-Ink comprises a gel-like matrix 
in which particles of different reflectivity are embedded, for exaii?)le bright (white) 
particles 41 and dark (black) particles 43. Furthermore tiie particles have different 
1 0 electrostatic properties so that they move in different directions when exposed to an 
electric field. By an electric field running crosswise through the reflective %er 42 it can 
thus be achieved that the bright particles 41 concentrate on one side, e.g. the lower side, 
and die dark particles 43 on the other side of the reflector. This airangement can be 
reversed by simply changmg the polarity of the electric field. In this way the reflectivity 
15 of the bottom side of the reflector 40 can be controlled fix>m outside. 

\ 

For the generation and control of an electric field in the reflective layer 42 a control 
device 50 and two electrodes 44a, 44b are provided. A lower electrode 44a (translucent 
for X-iays and light) is disfposed between the scintillation layer 30 and the reflective 
20 layer 42. The corresponding counter electrode 44b (translucent for X-rays) is arranged 
on the upper side of the reflective layer 42. Both electrodes 44a, 44b are coupled to the 
external control circuit 50 with which a voltage of a defined amount and polarity can be 
applied to the electrodes. 

25 One advantage of the described design is that in imaging situations with low doses a 
high reflectivity of the reflector 40 can be set. On the contrary, in imaging situations 
with high doses that require primarily a good spatial resolution the reflectivity of fee 
reflector 40 can be set to small values. 



30 



In a further development of the realization shown in Figure 1, structured electrode 
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amngemente could be used instead of the two single electrodes 44a, 44b. Hiese 
xnulti-electrode anang^ents could for example consist of a matrix of single electrodes 
to which a voltage could be ^Ued individually. Thus the reflectivity of such a 
reflective layer 42 couldbe set locally different, allowing to ad^t different regions of 
5 an image optimally according to the individual requirements. 

Depending cm co«=»te M»l rfE-Ink ««d in fl.e r=fl«tive ^ 
10 valii»ljke'Vlute".aod''black"l>ot<UsogreytevelsiBl)etween. 

I 

;efl«*vite.»ybewn>xim.«dwitbinaorB-I~lc.«H..fc«s«« 

xrfl»«v«y«oaldbe«pn»dn«edin.l^«gi<»l.y.«--^ I 
,5 ,,,«a.<rf„»xim.%andnunin»llyr^ecSnguni«(staihr«a 

pdntingj.It is possible in fllis case to 

arranglents individually addressable. However, it is also possible to combme groups 
of single electrodes such that largpr areas or even 
gradually variable reflectivities. 

20 



make every single dectrode of multi-electrode 

it is also possible to combine grou 
the whole detector can opiate wifli 



According «, a »,difica«on of *= sys«m shown in Bigu« .. a ms^da. to. change 
rt«„^pK^es(or.inod«wds.i.sB.nsnnssionp«^^ 
«C ~ to ciec^odes 44a. 4*. nd^bc used ins^^l of to E-ini^M 

fl^™Jersid.o£to=,^el=c«odo44bshouklha«alngh.efl=c«.y,e*^^ 
,5 ™«el=c.«.deorbywUca«onofannnor^.Ahigt»nsn^o^^^^ 

Lao^.^.^. an^low^ni^o.uUo^*"*--™- ^u^'^ 
,,,,,^,a,^.^con=p*^-*-^--Pl*-=*i«^ 
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Many exaniples of such electrochiomic materials may be found in literature (e.g. P. 
Bonhote, E. Gognial, M, Graelzel and P. V. Ashrit: "Novel electrodhromic devices based 
on conq)lementaiy nanociystalline Ti02 and W03 thin films". Thin Solid Films, 350, 
269-275 (1999); P. Bonhote, E. Gogniat, F. Campus, L. Walder andM. Qiaetzel: " 
5 Nanociystalline electrochromic displays". Displays, 20, 137-144 (1999); F, Campus, P. 
Bonhote, M. Gbaetzd, S. Heinen and L. Walden "Electrochromic devices based on 
sur&ce-modifiednanocrystalfine Ti02 ihin-film electrodes". Solar Energy Mater. Solar 
Cells, 56, 281-297 (1999); US 5 442 478; US 5 142 406) and are commercially 
available e.g. fcoax SAGE Electrochromics, Inc. (Faabauh, Minnesota, USA). 

Another sj^tem that would change its absorption/transmission properties in response to 
the voltage between die electrodes 44a, 44b may be found in so-called "Suspended 
Particle Devices". The ftmction of these devices has similarities to that of E-Lnk: 
absorbmg particles that are randomly distiibuted in a fluid between two electrodes 
significantly attenuate light passmg through the fluid. When a volta^ is applied to the 
electrodes, however, the particles line iq) such that they cover a much smaller fraction of 
the area between the elertrodes, thus yielding a hi^er transmission of light through this 
area. Numerous exacoples for such devices may again be found in literature (e.g. R.L. 
Saxe, R.L Thompson, and M. Forlini: "Suspended Particle Display with Improved 
Properties," Twelfth International Display Research Conference, 175-179 (1982); H. 
Rachner and J.H. Motrissy: "New Results in Colloid Display Technology", Society for 
Automotive Engineering Publication No. 830036 (1983); US 5 463 491, US 5 463 492, 
US 407 565). 

An alternative realization of a reflector 140 with changeable reflectiviQr is shown in a 
diagrammatic section in Figure 2. Such a layer can be used instead of the reflector 40 
shown in Figure 1. The reflector 140 consists of a container 143 which is translucent for 
X-rays on its upper and lower side and additionally transhjcent for li^t on its lower 
side. The container 143 maybe a casing of a solid material or a bag of a flexible 
material. In its interior the container 143 is divided into two compartments 142, 145 by 
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a flejdble wall or membrane 144. 

Tl.e consents 142. 145 may be separately filled and/or en,rtied via coi^lings 141 
and 146. respectively. For example oBly fte compartment 145 is filled in Figure 2 via 

5 the coupling 146. while the other con^artment 142 is basicanyen^rtyC^^^ 

The reflectivity of flie bottom of the reflector 140 can be changed by filling different 
fluids mio the two compartments 142 and 145. If for example a dark fluid is m 
con^artment 145. it will absorb photons incident frombelow resulting in a small 
reflectivity of the bottom. The fluidin ^ oilier compartoent 142 may on the other 

10 handbebrightsolhatitreflectsphotonswithhighreflectivitywhenitfillstiie 

container 143. 

A3«maav=ly to sec<«d fluid 142 co^ be ^ « to 

<rf*e vw- side of to oon^ 143 n»s. ta« a hi* «fl«=tivi«r (for 

15 a «>im»^o^-Pl»«°- '^""""^^ 
reflected at to upper si* of to container. 

p,rt=rnH«. ch»nieal »rf/or electrochenncal of cok»» 

«jto,ton of. reflecwr ™i* cl«»^le reflecdvity. For =«Me to in.eo-1 »nftce 
20 „ftocon.»n=rl43«»fldbeco«ed«ifl.acl>emicalsubstanceto.ctangesl8 
reflection and/or absorptionpropenies in d,«ndence on to filling of to 

compartment 145 wifll a suitable leactant 

Fi^yitispointedouttotin to-presen, wlicati^. to.term-"oomprising" dc«t»t 
,5 e»*»deotorelement.orsteps..tat"a-or«doesnote=td«deaptedity,^^ 

3inglfiimK»=sororottenBitrnay<dfinihe«»^ 
,,ft^,ig„,injb.„daim.a^^ con*,^ aaJimilinjthei.^^ 
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CLAIMS 



1 . Scintillator (20) for an X-ray detector, coniprising 

a scintillation layer (30) for the conversion of X-rays (X) into optical 

photons (v); 

a reflector (40, 140) disposed near at least one sur&ce of the scintillation 
5 layer (30) for reflecting optical photons (v) back into the scintillation layer, 

-tt^ietein the reflectivity of the teflector can be alteted; 
a control device (50) fiw selectively altering flie reflectivity of the reflector (40, 

140). 

< ^ ■ 

10 2. Scintillator according to claim 1, characterised in that the reflector and the control 
device are adapted to alter the reflectivity locally different 

^ ■ 

3, Scintillator (20) according to claim 1, characterised in that Ihe reflector (40, 140) and 
the control device (50) are adapted to alter the reflectivity gradually. 

15 

4. Scintillator according to claim 3, characterised in that the gradual alteration of the 
reflectivity is approximated by discontinuous changes of the reflectivity on a higji 
resolution scale. 

20 5. Scintillator (20) according to claim 1 , characterised in that the reflector (40) 
comprises two planar electrode arrangements (44a, 44b) between which a reflect 

layer (41, 42, 43) consisting of electronic ink or an absorbing layer wifli voltage and/or 
current dependrat absorption properties is disposed. 
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6 Sciirtillator according to claim 5. clm^ 

3„3„ge„^ consists of several single electrodes which can be selectively controlled. 

7 Scintiliatoraccordingtoclaim5.chaxacterisedinthatoneof1^^ 
anangements has a hi^ reflectivity in the direction towards said absorbing layer. 



10 



8 Scintillatoraccordingtoclaim5,characterisedinthattheab^^^^^ 

an electrochronuc substance and/or suspended particles that change their arrangement m 

response to the voltage applied to flie electrode arrangements. 

9. scintillator according to claim 1 . charac^sed in that the reflector 0^0) -^- 
container (143) that may selectively be filled with substances (142, 145) of d^erent 
reflection properties and/or absorption properties. 



a 
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chMDiial ana/OT otertrochemcal iiifluences 

^^.lo^^M a«lwKhascb«Wo,(20) ananged adiao«« «> s»d 

array, wherein the scintfflator (20) coinirises: ' , ^ 

a actafflaaon layer (30) &r .he.conv=raU>.<*X^ (X) i«o opSoal |«o.a M aad 

^(40. 50. ^^,f^^i>^^^^^^^<^^}'';>'-'^ 

Wci-^eaoaflJaaaaiay^ (30) ^x^Ueastapartof Ae sur.^ of fl^acm.^ 

25 layer (30). 
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12. Method for the spatiaUy resolved detection of X-rays (X), comprising: 

a) conversion of X-rays (X) into optical photons (v) in a scintillation layer (30); 

b) detection of photons (v) out of the scintillation layer (30) that reach a 
idiotosensitive detector (10); 

5 c) reflecting photons (v) back into the scintillation layer (30) that would not reach 
said detector (10); 

d) adapting the reflectivity in step c) according to given criteria like the desired 
sensitivity, spatial resolution and/or dynamic range of the method. 

10 13. X-ray detection ^aratus that con^prises an X-ray detector. according to claim 1 1 or 
a scintillation lay^ according to any one of claims 1 — 10. 
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ABSTIIACT 

Scintillator for an X-ray detector with a reflector 

The invention concerns an X-ray detector with a photo-sensitive detector layer (10) 
5 above which a scintillation layer (30) for the conversion of X-rays (X) into photons (v) 
is disposed. Photons (v) are reflected back into the scintillation layer (30) by a 
reflector (40) that is provided on the scintillation layer (30) for an improved signal gain 
and signal-to-noise ratio. The reflectivity of the reflector (40) is supposed to be 
extemaHy controllable. This is achieved for example by a reflective layer (41 , 42, 43) of 
10 E-Mc being disposed between two electrodes (44a, 44b). Thus the reflectivity can be 
decreased at sufficienfly high X-ray doses in order to improve image sharpness and 
dynamic range of Ifae detector. 

Fig.l 
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Fig. 1 
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Fig. 2 



